In a cross-sectional study, 149 sewage workers and 138 referents, selected from among other municipal workers, were given a self-administered questionnaire about asthma, atopy, smoking and symptoms from the airways, skin and eyes. Two-by-two statistics was used to compare proportions and logistic regression was used for multivariable analyses. The sewage workers reported significantly more adult asthma than the referents. The adjusted odds ratio for asthma during adulthood was 5.3 (95% confidence interval 1.1-26) as determined from a multivariable logistic regression analysis when controlling for age, gender, atopic disposition and tobacco smoking. They also had increased risk, but not statistically significant, of some possibly asthma related symptoms and chronic bronchitis. There was no difference in atopic disposition based on a history of allergic diseases in childhood or in parents. Neither were there any differences in symptoms in the eyes or skin. Self-reported asthma was more common among the sewage workers than other municipal workers. This might be caused by occupational exposure to irritant or inflammatory substances. (J Occup Health 1999; 41: 87-90) 
pollutants from waste water 2) have been found in the urine of municipal sewage workers. The concentration of cultivable bacteria in the air in sewage plants does vary with several orders of magnitude, and the greater part may be adsorbed to respirable particles 3, 4) . The concentration of endotoxins in the air also varies, and was in a Finnish study shown to exceed a suggested exposure limit by a factor of 10 3) . Some of these exposures may cause irritation or inflammation of mucous membranes, and, when inhaled, they may cause irritative symptoms in the respiratory system and aggravate asthma for example.
Workers at a sewage sludge incinerator in Canada had a tendency to a decrease in forced vital capacity (FVC) and one second forced expiratory volume (FEV 1 ), although not statistically significant, when compared with other workers at the same sewage plant 5) . In Croatia, sewage workers had an increased frequency of respiratory symptoms and obstructive lung dysfunction when compared with non-exposed controls 6) . A case report from the USA told about allergic occupational asthma in one sewage worker caused by allergy to sewer flies 7) . On the other hand, no chest symptoms, effects on FEV 1 or pulmonary flow volume curves were found among the workers at one Swedish sewage plant 8) . Besides respiratory symptoms there are several reports about fatigue, fewer reactions, irritation or inflammation of the eyes, skin disorders and diarrhoea in sewage workers 5, [8] [9] [10] [11] . In spite of the frequent reports about various symptoms and other health effects in sewage workers, there has been great difficulty in connecting these findings to specific exposures. Some authors have suggested bacterial endotoxin as responsible for fewer reactions, eye symptoms and gastrointestinal symptoms 9) , whereas another report described an association between exposure to mutagens and eye and skin irritation 11) . Since several sewage workers were referred to our department with a diagnosis of asthma or other respiratory illness, the question was raised whether the exposure in present day Swedish sewage plants may increase the risk of respiratory disease. We therefore performed this study to evaluate the present prevalence of respiratory symptoms in sewage workers in central Sweden. The hypothesis of this study was that the gases and aerosols in the sewage treatment plants do increase the risk of respiratory symptoms or diseases.
Subjects and Methods
In a cross sectional study, all 156 workers employed at the municipal sewage plants in eleven municipalities in central Sweden were in 1993 identified by their employers or occupational health care units. One hundred and forty-seven referents, group-matched for municipality and age (± 5 years), were selected from among other municipal labourers not employed at the sewage plant. Eventually, 149 sewage workers (96%) and 138 referents (94%) returned a completed questionnaire. Nine among the participating sewage workers and one among the referents were women. The majority of the female sewage workers had low exposures at the plant laboratories. The mean age of the sewage workers was 47.6 years (standard deviation (S.D.) 10.0) and the mean age of the referents was 46.4 years (S.D. 10.4). The sewage workers had been in their present jobs on average for 15.7 years (S.D. 8.5) and the referents for 15.9 years (S.D. 9.6). There was no significant difference in smoking habits ( Table 1) .
Assessment of symptoms
All participants were given a self-administered questionnaire used in previously published studies 12, 13) . The questionnaire inquired about sick history, medication, the prevalence of various symptoms, and smoking habits. Subjects smoking at least one cigarette per day were defined as current smokers. A history of atopy was defined as having suffered from at least one allergic disease (asthma, hay fever or eczema) or the presence of allergic disease in any of the parents. The questionnaire also inquired about the two year prevalence of symptoms from the airways, the skin and the eyes, both in general and at work.
Statistical methods
Differences in proportions were assessed by means of the chi-square test or Fisher's exact test, and relative risks (RR) with 95% confidence intervals (CI) were calculated. Two-tailed p <0.05 was required for statistical significance. Logistic regression modelling was used for multivariable analysis, and adjusted odds ratios (adjOR) and 95% CI were calculated from the logistic models. The strategy used for the modelling was backwards elimination of the least significant variable, and tobacco smoking was forced into the model. No interaction terms were used and near collinearity diagnostics with condition numbers and variance decomposition proportions was applied (SPIDA, The Statistical Laboratory, Macquarie University, Australia).
Results
The prevalence of symptoms and disorders in the respiratory tract, the eyes and skin of the sewage workers and the referents is compared in Table 2 . The sewage workers and the referents did not differ in atopic disposition, but self-reported adult asthma ("Have you had asthma as an adult?") was significantly more frequent among the sewage workers, 6.7% versus 1.4% among the referents (RR 4.6, 95% CI 1.0-20). The sewage workers also had chronic bronchitis more often (cough and phlegm for a minimum of 3 months a year for at least 2 successive years), although not statistically significant (RR 2.0, 95% CI 0.64-6.4). There were no significant differences in any isolated symptom, although the possibly asthma-related symptoms, wheezing when infected, wheezing in the night, and dyspnea in the night were more frequent among the sewage workers. Specific questions about respiratory, ocular, and dermal symptoms during work revealed no differences. The influence of different factors on self-reported adult asthma was analysed by logistic regression. The independent variables of the initial model were age (years) and the dichotomous variables: gender, atopic disposition, current tobacco smoking and employment as sewage worker. By backwards elimination and forcing tobacco smoking into the model, age and gender were eliminated. The model resulted in statistically significant risk estimates for atopic disposition (adjOR 6.8, 95% CI 1.9-25) and employment as a sewage worker (adjOR 5.3, 95% CI 1.1-26) but not for current smoking (adjOR 0.35, 95% CI 0.042-2.9). A model with the ex-smokers and current smokers merged into one dichotomous variable did result only in minor numerical changes in the risk estimates.
Discussion
The increased frequency of self-reported asthma in Swedish sewage workers is a new observation since previous Swedish studies of sewage workers have never shown increased proportions of respiratory symptoms, dysfunction or disease 8, 9, 14) . Two studies, one Canadian 5) and one Croatian 6) , have described respiratory symptoms and decreased lung function in sewage workers, although the differences in work tasks, working environments and in smoking habits make comparisons risky.
The frequency of self-reported adult asthma in the sewage workers was more than four times that of the other workers employed at the same municipalities, in most cases at the same authorities: 6.7% and 1.4%, respectively. In one study of house painters and industrial workers in central Sweden in 1989, with the same questionnaire, the house painters had a prevalence of self reported adult asthma of 6.7%, compared to 3.8% for the industrial workers 15) . When including childhood asthma in our analysis, 8.0% of the sewage workers and 3.8% of the referents did report a history of asthma. This could be compared with the prevalence of self reported asthma ("Have you ever had asthma?") in the general adult population in two regions in central Sweden in 1989, 5.8% and 7.2% respectively 16) . The sewage workers in our study had a slightly higher prevalence, but the other municipal workers had lower prevalence. Typically in epidemiological studies of employed populations, one does expect a healthy worker effect resulting in lower morbidity or mortality rates than those of the general population. This may be a result of selection during hiring, or quitting the job due to health reasons. We judge the low asthma prevalence of the referents to be such an effect. As a consequence, we interpret the asthma prevalence in the sewage workers as higher than expected.
The clinical validity of self-reported asthma might be questioned. Checking for asthma medication revealed that 50% of those reporting asthma also used some asthma medication (5/10 sewage workers, 1/2 referents). Although not statistically significant, the excess of some asthma-related symptoms among the sewage workers does also add some credibility to the increased frequency of self-reported asthma. In a review of studies assessing the prevalence of asthma by questionnaires, in which a validation in relation to a clinical diagnosis also was performed, it was found that questions about self-reported asthma have high specificity, although the sensitivity may be lower 17) . This gives support to our use of self-reported asthma as a measure of the asthma prevalence in this study. The questionnaire used in this study has also been validated in house painters, and the conclusion was that it was valid for screening for obstructive respiratory diseases in that particular occupationally exposed group. The validation also revealed a significant relation between the question about adult asthma and bronchial hyperresponsiveness, which is an important component of asthma, although not equivalent to the disease 18) . Differences in age, residence or smoking habits cannot explain the difference in asthma prevalence. The two compared groups were matched with respect to age and place, and we found no difference in smoking habits. The multivariable logistic regression also showed an increased risk for asthma among the sewage workers when controlling for possible confounders, including atopic disposition.
We conclude that Swedish sewage workers have more asthma than other comparable municipal workers. The air at the sewage plants does contain aerosols, fumes and dust with irritant properties, and with the potential to aggravate asthma. It might also be that the exposures of sewage workers could initiate asthma, but our study was not designed to answer these questions. A longitudinal follow-up of the incidence of asthma has the potential to illuminate these hypotheses.
